Raves, 


Rules and 
Regulations for 
the Classification 
of Ships, July 2013 


Effective Date of Latest 
Amendments: 


See page 1 


Issue date: October 2013 


Lloyd’s Register is a trading name of Lloyd’s Register Group Limited and its subsidiaries. For further details please see http://www.lr.org/entities 


Lloyd's Register Group Limited, its affiliates and subsidiaries and their respective officers, employees or agents are, individually and collectively, 
referred to in this clause as ‘Lloyd's Register’. Lloyd's Register assumes no responsibility and shall not be liable to any person for any loss, damage or 
expense caused by reliance on the information or advice in this document or howsoever provided, unless that person has signed a contract with the 
relevant Lloyd's Register entity for the provision of this information or advice and in that case any responsibility or liability is exclusively on the terms 
and conditions set out in that contract. 


RULES AND REGULATIONS FOR THE 
CLASSIFICATION OF SHIPS, July 2013 


Notice No. 4 


This Notice contains amendments within the following Sections of the Rules and Regulations for the 
Classification of Ships, July 2013. The amendments are effective on the dates shown: 


Part Chapter Section Effective 
date 
1 2 2 1 September 2013 
1 3 2,5 1 September 2013 
3 4 8 1 September 2013 
3 9 7 1 September 2013 
3 14 Whole Chapter 1 September 2013 


It will be noted that the amendments also include corrigenda, which are effective from the date of this Notice. 


The Rules and Regulations for the Classification of Ships, July 2013 are to be read in conjunction with this 
Notice No. 4. The status of the Rules is now: 


Rules for Ships Effective date: July 2013 

Notice No. 1 Effective date: 1 July 2013 

Notice No. 2 Effective date: 1 August 2013 8 Corrigenda 

Notice No. 3 Effective date: 1 September 2013 & 1 January 2014 


Notice No. 4 Effective date: 1 September 2013 


Part 1, Chapter 2 


Part 1, Chapter 2 
Classification Regulations 


Effective date 1 September 2013 


[El Section 2 
Character of classification and 
class notations 


2.1 Definitions 


(Part only shown) 
Table 2.2.2 Special features notations (see continuation) 


Special features notation Description See also 


Bow Loading System. Assigned to tankers equipped with bow loading Pt 7, Ch 6,1.2.1 
arrangements to facilitate the transfer of cargo oil from offshore loading 
terminals 


Where a container ship has an approved onboard container lashing Pt 3, Ch 4 and Ch 14 
program which is installed and maintained in accordance with the 

requirements of the Rules, the special features notation BoxMax may be 

assigned on application from Owners. In conjunction with the notation 


BoxMax, the following supplementary characters may be assigned and 
are to be shown consecutively in brackets; 

V may be assigned where, in addition to the requirements for BoxMax, 
the onboard lashing program is capable of performing calculations 
specific to defined sea areas, and the weather-dependent factors for 
these areas have been supplied by LR; 

W may be assigned where, in addition to the requirements for 
BoxMax(V), the onboard lashing program is capable of performing 
calculations specific to defined sea areas and seasons, and the weather- 
dependent factors for these areas and seasons have been supplied by LR 


2.8 Descriptive notes 


2.8.4 Where an approved loading instrument is provided 
as an Owner’s requirement, a descriptive note LI may be 
entered in column 6 of the Register Book, see also 2.3.16. 


PABLO) Where container securing arrangements are designed 
and constructed in accordance with Pt 3, Ch 14, but where 
the Initial and Periodical Survey requirements for loose fittings 
are not requested, the ship will be eligible to be assigned the 
descriptive note CSA (container securing arrangement) and 
for an entry to be made in column 6 of the Register Book. 


Existing paragraph 2.8.5 has been renumbered 2.8.6. 


Part 1, Chapter 3 & Part 3, Chapter 4 


Part 1, Chapter 3 
Periodical Survey Regulations 


Effective date 1 September 2013 


a Section 2 
Annual Surveys - Hull and 
machinery requirements 


2.2 Annual Surveys 


cendition. The Surveyor is to examine the fixed cargo securing 
fittings as far as necessary and practicable in order to be 
satisfied as to their general condition, see Pt 3, Ch 14,10. 


2.2.41 Where the special features notation CCSA (certified 
container securing arrangements) is assigned, the Surveyor is 
to examine the securing arrangements including loose fittings 
so far as necessary and practicable in order to be satisfied as 
to their general condition, see Pt 3, Ch 14,10. 


2.2.42 The Surveyor is to confirm that, for container ships 
which have the special features notation BoxMax, the 
onboard lashing program, together with its operation manual, 
is available on board, see Pt 3, Ch 4,8. The operation of the 
program is to be verified in accordance with LR’s certification 
procedure. 


Existing paragraph 2.2.41 has been renumbered 2.2.43. 


i Section 5 
Special Survey - General - Hull 
requirements 


5.3 Examination and testing 


5.3.19 Where a the special features notation CCSA 

(certified container securing arrangements) Heertje 

containersecung-arrangementsk is assigned, the Surveyor is 

to be satisfied as to the efficient condition of: 

a) Cell guide structure including the connections between 
vertical cell guides and cross ties. 

b) Cell guide entry devices. 

c) Portable frameworks or other forms of structural restraints. 

d) Fittings attached to the ship structure, with special 
attention to any signs of leakage in way of tanks or deck 
and shell plating. 

e) End connecting pieces for lashings, twist locks and other 
loose fittings, which are to be examined and 
verified with the Register. 

f All lashings, rods, wire ropes, and chains, together with 
turn buckles and other tightening devices, which are to 
be examined and verified with the Register. 

g) Lashing wire ropes, which are to be renewed where 
more than five per cent of the wires are broken, worn or 
corroded in any length of 10 diameters of the wire rope. 

h) Chains, which are to be renewed where worn or damaged. 

Where renewals are required, the new item is to be of approved 

type and manufacture. Where test certificates are not available, 

the item is to be tested in accordance with Pt 3, Ch 14,3. 


Part 3, Chapter 4 
Longitudinal Strength 


Effective date 1 September 2013 


E Section 8 
Loading guidance information 


8.4 Onboard lashing program 


8.4.1 An onboard lashing program to calculate forces 
acting on the container stowage arrangement may be 
provided, see Chapter 14. This may be an extension to the 
loading instrument covered under Ch 4,8.3. If the software to 
carry out lashing calculations is installed and maintained in 
accordance with the Rules, the ship will be eligible to be 
assigned the special features notation BoxMax, with one or 
more of the supplementary letters V and W. 


8.4.2 To qualify for the notation BoxMax the following 

requirements must be satisfied: 

(a) The onboard lashing program is to be certified in accor- 
dance with LR’s Approval of Longitudinal Strength and 
Stability Calculation Programs. 

(b) Where alteration to the container stowage arrangements 
is proposed, the onboard lashing program is to be 
modified accordingly and details submitted for approval. 

(c) The operation of the onboard lashing program is to be 
verified by the Surveyors upon installation and at Annual 
and Periodical Surveys as required in Pt 1, Ch 3. An 
Operation Manual for the onboard lashing program is to 
be verified as being available on board. 


Part 3, Chapter 4 & Part 3, Chapter 9 


8.4.3 The onboard lashing program may also have the 
capability to take account of the various sea areas through 
which the container ship may trade. If the software to carry 
out lashing calculations is installed and maintained in accor- 
dance with the Rules and includes the functionality to take 
account of voyage route using the methodology and factors 
supplied by LR, the ship will be eligible to be assigned the 
special features notation BoxMax(V). 


8.4.4 To qualify for the notation BoxMax(V) the following 

requirements must be satisfied: 

(a) The requirements for BoxMax must be satisfied. 

(b) The benefits of the notation may only be applied in sea 
areas for which LR has provided the factors for the ship. 
Elsewhere, the weather-dependent factors must be set 
to the values defined for unrestricted worldwide service, 
see Pt 3, Ch 14,1.5. 

(c) The voyage- specific aspects of the onboard lashing 
program are to be verified by the Surveyors upon 
installation and at Annual and Periodical Surveys as 
required in Pt 1, Ch 3. An Operations Manual for these 
aspects of the onboard lashing program is to be verified 
as being available on board. 


8.4.5 The onboard lashing program may also have the 
capability to take account of the various seasons during which 
the container ship may trade. If the software to carry out 
lashing calculations is installed and maintained in accordance 
with the Rules and includes the functionality to take account 
of voyage route and season using the methodology and 
factors supplied by LR, the ship will be eligible to be assigned 
the special features notation BoxMax(V,W). 


8.4.6 To qualify for the notation BoxMax(V,W) the 

following requirements must be satisfied: 

(a) The requirements for BoxMax(V) must be satisfied. 

(b) The benefits of the notation may only be applied in sea 
areas and during seasons for which LR has provided the 
factors for the ship. If the required sea areas and 
seasons are not fully covered by the factors provided by 
LR, the weather-dependent factors must be set to the 
values defined for the notation BoxMax(V), if available, 
or for unrestricted worldwide service, see Pt 3, 
Ch 14,1.5. 

(c) The voyage- and season-specific aspects of the 
onboard lashing program are to be verified by the 
Surveyors upon installation and at Annual and Periodical 
Surveys as required in Pt 1, Ch 3. An Operation Manual 
for these aspects of the onboard lashing program is to 
be verified as being available on board. 


Part 3, Chapter 9 
Special Features 


Effective date 1 September 2013 


Existing Sections 8 and 9 have been renumbered 7 and 8. 


Part 3, Chapter 14 


Part 3, Chapter 14 
Cargo Securing Arrangements 


Effective date 1 September 2013 
Existing Chapter 14 has been deleted in its entirety. 


El Section 1 
General 


1.1 Application 


1.1.1 All cargo ships, regardless of tonnage, except 
those engaged solely in the carriage of either liquid or solid 
bulk cargoes, are to be provided with a Cargo Securing 
Manual approved by the Flag Administration, as required by 
SOLAS 1974 (as amended). Sections 2, 4, 7 (if applicable) 
and 10 apply to all ships for which a Cargo Securing Manual 
is required. It is recommended that the container securing 
arrangements in the Cargo Securing Manual be designed in 
accordance with Sections 3, 5, 6, 8 and 9. Furthermore, it is 
recommended that the container securing arrangements be 
submitted to Lloyd’s Register (hereinafter referred to as LR), 
for formal approval. In cases where LR is authorised to carry 
out the approval of the Cargo Securing Manual on behalf of a 
National Administration and the container securing arrange- 
ments have not been designed on the basis of the LR Rules 
nor received formal LR approval, the Cargo Securing Manual 
will be annotated accordingly, highlighting this fact. In general, 
Cargo Securing Manuals can be approved by LR if authorised 
by the National Authority. 


1.1.2 Fixed fittings which are part of the container 
lashing equipment or which may affect the strength of the 
ship's hull are subject to approval on the basis of the require- 
ments of this Chapter. Details of the connection and the 
supporting ship structure require approval to satisfy the 
design loads determined in accordance with Section 8 or the 
safe working load of the fixed fitting, as applicable. Drawings 
are to be submitted showing details of the fittings, the attach- 
ment, the local foundations and information about the 
intended materials and welding. 


1.1.3 The requirements for container securing arrange- 
ments have been framed in relation to ISO Standard Series 1 
ISO 1496-1:1990, including Amendment Nos. 1, 2 and 3, 
Freight Containers. For previous ISO 1496-1:1984 containers, 
reference should be made to the July 2008 LR Rules. 
Proposals to consider higher allowable forces in accordance 
with ISO 1496-1, including Amendment No. 4, 2006, will be 
specially considered. Proposals for the securing of other types 
of containers will be specially considered. 


1.1.4 Containers are to be loaded so as not to exceed 
the weights and distribution within the stack according to the 
Cargo Securing Manual (CSM). The permissible loading 
patterns are to be clearly indicated on the Container Securing 
Arrangement Plan carried on board the ship. 


11:9 Containers may be approved and certified using 
LR’s Container Certification Scheme. 


1.1.6 Where it is intended and specified that loose or 
fixed parts of the container securing system are used for 
lifting appliance purposes, e.g., pedestal sockets and fittings 
used for lifting of hatch covers, or twistlocks used for vertical 
tandem lifting, the requirements of LR’s Code for Lifting 
Appliances in a Marine Environment are applicable. If no 
approval from lifting aspects is sought, the devices will be 
considered as part of a container securing arrangement only. 


Lele? For ships having the class notation Container Ship, 
an effective breakwater is to be fitted to protect the containers 
against green sea impact loads. As a minimum, an effective 
breakwater is to extend above the mid-height of the outer- 
most containers that are to be considered as protected. For 
other ships which are equipped for the carriage of containers 
on deck, protection of the cargo is recommended by the 
provision of a breakwater. 


1.1.8 Forward of 0,75L, it is recommended that all door 
ends face aft in order to improve the performance of the 
container walls to withstand green sea loads. 


1.1.9 Improper ship handling related to course and speed 
or threshold phenomena like parametric rolling can create 
adverse forces acting on the ship and the cargo which are in 
excess of the forces determined on the basis of Section 8. It 
is the responsibility of the Master to apply good seamanship 
in order to mitigate excessive ship motions to reduce forces 
acting on the cargo stowage arrangements. 


1.2 Classification notations and descriptive notes 


1.201 Ships with container securing arrangements which 
are designed and constructed in accordance with this 
Chapter will be eligible to be assigned the special features 
notation CCSA (certified container securing arrangements). In 
addition to the fixed fittings, the Initial and Periodical Survey 
requirements of Section 10 for all loose fittings are applicable. 
Where loose container securing fittings are supplied for part 
container stowage only, the special features notation will be 
suitably modified. 


1.2.2 Ships with container securing arrangements which 
are designed and constructed in accordance with this 
Chapter, but where the Initial and Periodical Survey require- 
ments for loose fittings in Section 10 are not requested, will 
be eligible to be assigned the descriptive note CSA (container 
securing arrangement) and for an entry to be made in 
column 6 of the Register Book. 
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1.2.3 The advantage of having an onboard lashing 
program to calculate forces acting on the stowage arrange- 
ment is highlighted. It is recommended that all ships carrying 
containers on a regular basis be equipped with such a tool. 
This may be an extension to the loading instrument covered 
under Ch 4,8.3. It is recommended that the program be 
approved by LR. If the program to carry out lashing calcula- 
tions is approved by LR and installed and maintained in 
accordance with the requirements of this Chapter, the ship 
will be eligible to be assigned the special features notation 
BoxMax. 


1.2.4 It is a prerequisite for assignment of the special 
features notation BoxMax that the container securing 
arrangements in the Cargo Securing Manual are designed in 
accordance with this Chapter and submitted to Lloyd’s 
Register for formal approval. 


1.2.5 The container securing arrangements of a container 
ship may take into account specific voyage routes and 
seasons, provided the ship is eligible for the special features 
notation BoxMax, see 1.2.3, the onboard lashing program is 
capable of performing calculations specific to defined sea 
areas and seasons and the weather-dependent factors for 
these areas and seasons have been supplied by LR. In this 
case, if the weather-dependent factors have been supplied 
by LR for specific sea areas, the ship will be eligible to be 
assigned the special features notation BoxMax(V). If the 
factors have been supplied by LR for specific sea areas and 
seasons, the ship will be eligible to be assigned the special 
features notation BoxMax(V,W). See Ch 4,8.4. 


1.3 Plans and information required 


1.3.1 For all fixed cargo securing arrangements, except 

container securing arrangements, the following information 

and plans are to be submitted: 

(a) Details of certification including safe working load (SWL) 
of fixed cargo securing fittings. 

(o) Plans of structure in way of fixed cargo securing fittings. 

(c) Direction of loads imposed on the ship’s fixed cargo 
securing fittings. 

(d) A general arrangement of fixed cargo securing fittings. 


12352 For container securing arrangements, the following 

plans and information are to be submitted: 

(a) General arrangement plan showing the disposition and 
design weights of the containers. 

(b) Details of materials, design, scantlings of cell guides 
structure, lashing bridges, pedestals, and other 
container securing arrangements, where fitted. 

(c) Details of certification, including safe working load (SWL), 
of fixed and loose container securing fittings. 

(d) Plans of structure in way of fixed container securing 
fittings and arrangements. 

(e) Design values of the following ship parameters for the 
container load departure and arrival conditions: 

(1) Moulded draught (7,) 
(ii) Transverse metacentric height (GM). 

(f) Design wind speed (Vw). 


(g) The lashing calculations in the Cargo Securing Manual 
are to be based on two design GM values. The lower 
design value is to be taken as 2,5 per cent of the breadth 
B, and the upper design value is to be taken as 7,5 per 
cent of B. In addition to these two design GM values, 
actual GM values of the ship in the container loaded 
condition from the approved trim and stability booklet 
are to be included when the actual design GM values are 
outside the above range. 


1.3.3 Where containers of types other than ISO containers 
are to be incorporated in the stowage arrangement, the Cargo 
Securing Manual is to indicate clearly the locations where 
these containers are stowed. The manual is also to indicate 
the container weights and required securing arrangements for 
stacks composed entirely of ISO Standard containers. 


1.4 Securing systems 


1.4.1 Containers are to be secured by one, or a combi- 
nation, of the following systems: 

e Corner locking devices. 

. Rod, wire or chain lashings. 

. Buttresses, shores or equivalent structural restraint. 

e Cell guides. 

Alternative systems will be considered on the basis of their 
suitability for the intended purpose. 


1.4.2 Dunnage is not to be used in association with 
approved container securing systems except where forming 
part of an approved line load stowage, see 5.5. 


1.5 Symbols and definitions 


1.5.1 The following definitions are applicable to this 
Chapter, except where otherwise stated: 
a = breadth of the container, in metres (for 
longitudinally stowed containers) 


b = length of the container, in metres (for longitudinally 
stowed containers) 
Cj = height of container /, in metres 
d, = flange thickness of container securing device (e.g., 
twistlock) below container /, in metres 
ag = acceleration parameter 
2,4 34 600 
= fys (1,58 -0,47C,)( == + = - => 
Hs ( al eo ie ) 
Asurge = longitudinal acceleration due to surge, in m/s? 
= 0,275a) Y 
asway = transverse acceleration due to sway, in m/s? 
= 0,5599 Y 
Aneave = Vertical acceleration due to heave, in m/s? 
= 4 9 
Aro = roll acceleration at the centre of motion of the 
vessel, in rad/s? 
z Y 
= 0,69 72 
Apitch = acceleration due to pitch, in rad/s? 
0,69 ( y | = 
VL / Tp 


Tp = period of pitch of the ship, in seconds, to be taken 
as specified in Table 14.8.1 


period of roll of the ship, in seconds, to be taken as 
specified in Table 14.8.1 

maximum single amplitude of roll, in degrees, to be 
taken as specified in Table 14.8.1 

maximum single amplitude of pitch, in degrees, to 
be taken as specified in Table 14.8.1 

base of natural logarithms 

2,7183 

hull form coefficient 

for Motion Case MC1: 

= ,2Rp0:3 for Ra >1 0 

= 1,2 for Ra < 1,0 

for all other Motion Cases: 

= 1,0 

area ratio factor for combined stern and bow 
shape, defined in Pt 4, Ch 2,2.4. For the purpose 
of container stowage calculation, R4 is to be taken 
as 1,5 if this value is not available 

bilge keel coefficient 

1,2 for ships without bilge keels 

1,0 for ships with bilge keels 


= weather-dependent factor for acceleration 


4 


,O for unrestricted worldwide service 
weather-dependent factor for pitch 
1,0 for unrestricted worldwide service 
weather-dependent factor for roll 
1,0 for unrestricted worldwide service 
weather-dependent factor for 
acceleration 
1,0 for unrestricted worldwide service 
hull whipping factor 

1 + fc fwn fHisw 

Motion Case coefficient 


whipping 


= 1,0% for MC1 
0 for MC2 
0,51 for MCS 
0,25f 1 for MC4 
0,5Am for MC5 
0 for MC6 


whipping coefficient 


= 0,55 for xL < 0,25 
0,20 atx/L=0,5 
0,45 for x,/L > 0,75 


intermediate values are to be obtained by linear 
interpolation 


wl 


Ji 
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length-dependent factor for whipping 

0 for L < 250m 

1,0 for L > 350 m 

intermediate values are to be obtained by linear 
interpolation 

acceleration due to gravity and is to be taken as 
9,81 m/s? 

longitudinal centre of gravity of a container forward 
of the AP, in metres 

vertical centre of gravity of a container above the 
keel, in metres 

longitudinal coordinate of the centre of container /, 
in metres, from O,, measured positive forwards in 
ship coordinate system, see Fig. 14.1.1 
Xo = Xom 

transverse coordinate of the centre of container /, in 
metres, from O,, measured positive to port in shi 
coordinate system, see Fig. 14.1.1 
vertical coordinate of the centre of container /, in 
metres, from Om measured positive upwards i 
ship coordinate system, see Fig. 14.1.1 

Zc Zom 

longitudinal centre of motion forward of the AP. To 
be taken at the LCF of the ship 

vertical centre of motion above the keel. To be 
taken as the greater of 27,/8 + KG/3 above the 
keel To or D/2 

side area of the container, in m2 

transverse metacentric height of the ship, in metres 
vertical distance of the centre of gravity of the ship 
above the keel, in metres 

Rule length, in metres, see Ch 1,6.1.1 

block coefficient, see Ch 1,6.1.6 

Motion Case n 

longitudinal centre of flotation. To be taken as 
0,48L 

centre of motion, to be taken on the centreline at 
Xom and Zom, See Figs. 14.1.1 and 14.1.2 

the rating, or maximum operating gross weight for 
which the container is certified, and is equal to the 
tare weight plus payload of the container, in tonnes 
moulded draught in the container load condition, in 
metres 

wind speed, in m/s. For ships with an unrestricted 
worldwide service area notation, a wind speed of 
40 m/s is to be applied 


jo) 


3 


Transverse case (rolling) 


Fig. 14.1.1 


Longitudinal case (pitching) 


Diagrammatic representation of symbols 
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Fig. 14.1.2 
Ship coordinate system and sign convention of 
motions 


W = weight of the container and contents, in tonnes. 
The following minimum weights W are to be used: 


= 2,5 tonnes for 20 ft containers 
= 3,5 tonnes for 40 ft containers 
= 4,0 tonnes for 45 ft containers 
= 4,5 tonnes for 48 ft and 53 ft containers. 


1.5.2 The sign convention for ship motions and 
accelerations is shown in Fig. 14.1.2. This is based on a right- 
handed coordinate system. The roll, pitch and yaw motions 
are defined positive clockwise as shown. For instance, 
positive sway is defined as the translation toward port and 
positive pitch as the rotation of the bow down and stern up. 


a Section 2 
Fixed cargo securing fittings, 
materials and testing 


2.1 General 


2.1.1 Randomly selected samples of fixed cargo securing 
fittings are to be subjected to prototype testing and, upon 
satisfactory completion, will be granted General Approval. 


2.1.2 Randomly selected samples drawn from produc- 
tion runs are to be subjected to production testing prior to 
delivery to the ship. 


2.1.3 Cargo securing fittings, certified by an organisation 


other than LR, will be accepted where the certification 
scheme is to the satisfaction of LR. 


Table 14.2.1 


Minimum design breaking load 


2.2 Materials and design 


2.2.1 Steel used for the construction of the fixed cargo 
securing fittings is to comply with the requirements of the 
Rules for the Manufacture, Testing and Certification of 
Materials (hereinafter referred to as the Rules for Materials) or 
with an equivalent specification acceptable to LR. Due 
account is to be taken of the grade and tensile strength of the 
hull material in way of the attachment. The chemical compo- 
sition of the steel is to be such as to ensure acceptable 
qualities of weldability. Where necessary, tests are to be 
carried out to establish specific welding procedures. 


2.2.2 Where securing arrangements are intended to 
operate at low ambient temperatures, special consideration 
is to be given to the specification of the steel. 


2.2.3 Proposals for the use of materials other than steel 
will be specially considered. 


2.2.4 Attention is drawn to the need for measures to be 
taken to prevent water accumulation in pockets or recesses 
that could lead to excessive corrosion. 


2.3 Prototype testing 


2.3.1 Prototype tests to determine the breaking or failure 
loads are to be carried out on at least two randomly selected 
samples of each item used in the securing system. The 
relationship between design breaking load and safe working 
load (SWL) is to be as indicated in Table 14.2.1. 


2.3.2 The Surveyor is to be satisfied that the design and 
materials of the fittings are in accordance with the approved 
plans. 


2.3.3 For acceptance, no permanent deformation (other 
than due to initial embedding of component parts) is to be 
induced by test loads up to the proof load given in 
Table 14.2.1. 


2.3.4 When considering the test modes, all expected 
directions of operation are to be taken into account. Jigs are 
to be employed, where necessary, in order that satisfactory 
simulation is obtained. 


2.3.5 In the interest of standardisation of the strength of 
container securing fittings, safe working loads in accordance 
with Table 14.2.2 are recommended. 


Design breaking loads and proof loads for fixed cargo securing fittings 


Minimum proof load 


for SWL < 400 kN for SWL > 400 kN 


for SWL < 400 kN for SWL > 400 kN 


2 x SWL SWL + 400 kN 


1,5 x SWL SWL + 200 kN 


NOTE 


Breaking and proof loads for fixed cargo securing fittings of a material other than steel will be specially considered. 


Table 14.2.2 


Description 


Required test modes 


Part 3, Chapter 14 


Test loads and test modes for fixed container securing fittings 


Recommended minimum, in KN 


Breaking 


SWL Proof load load 


ty 
i 


Flush socket 


Pull-out load 250 375 500 


Pull-out load 


Pedestal socket 


Tangential load 


rh 
ra 
ລ 


‘D’ ring 


Tensile load 


Lashing plate 


Bo 
> «Y 


Tensile load 


NOTES 


For items 3 and 4, where specifically designed for use with chain or steel wire rope (SWR) lashings, a lesser SWL may be considered. 
For items 1 and 2, where multiple flush sockets or pedestal sockets are involved, test loads are to be applied simultaneously to each 


socket opening which can be loaded simultaneously in service. 


For item 4, where multiple lashing points are fitted in one deck plate fitting, testing is to be similarly arranged as for Note 2. 
Where containers with strength higher than required for ISO containers are used, consideration will be given to the required minimum 


loads. 
The test modes illustrated above are diagrammatic only. 


2.3.6 Where one of the required two randomly selected 

test samples fails before the design breaking load is reached, 

this can be accepted, provided that: 

(a) the failure is not less than 95 per cent of the design 
breaking load; 

(b) an additional randomly selected sample is tested satis- 
factorily; and 

(c) the average failure load of the three randomly selected 
samples is equal to or greater than the design breaking 
load. 


2.4 Production testing 


2.4.1 The nature and extent of proposed production test- 

ing will be considered by LR, but the arrangements are to be 

at least equivalent to one of the following testing procedures: 

(a) One randomly selected sample from every 50 pieces, or 
from each batch if fewer than 50 pieces, is to be proof 
loaded in accordance with Table 14.2.1. 

(b) All fittings are to be loaded to the SWL of the item. 


2.4.2 Consideration will be given to a reduced frequency 
of the mechanical production testing proposed in 2.4.1, 
provided that: 

(a) the prototype test results indicate a breaking load at 
least 50 per cent greater than that required by 
Table 14.2.1; and 

(b) a suitable non-destructive inspection procedure is 
agreed. 


2.4.3 Permanent deformation (other than that due to 
initial embedding of component parts) will not be accepted 
unless tests are conducted in accordance with 2.4.1(a) and 
the SWL of the sample is 250 KN or greater. In this case, 
consideration may be given to acceptance of permanent 
deformation in the load range between SWL + 125 kN and 
the proof load, provided that satisfactory manual operation 
can be achieved after completion of tests. 


2.4.4 In the event of premature failure or serious plastic 
deformation occurring in a test sample, a further randomly 
selected sample is to be selected for testing. In the event that 
this sample is found to be unsatisfactory, the associated 
batch will be rejected. 


a Section 3 
Loose container securing fittings, 
materials and testing 


3.1 General 


3.1.1 Randomly selected samples of loose container 
securing fittings are to be subjected to prototype testing and, 
upon satisfactory completion, will be granted General 
Approval. 


3.1.2 Randomly selected samples drawn from produc- 
tion runs are to be subjected to production testing prior to 
delivery to the ship in accordance with 3.4. 


3.1.3 Loose container securing fittings, certified by an 
organisation other than LR, will be accepted where the certi- 
fication scheme is to the satisfaction of LR. 
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3.1.4 In the following, the term ‘fully automatic fitting’ is 
used to describe fittings which do not require manual 
operation during unloading of the containers. It should be 
noted that usually these fittings do not mechanically secure 
the container in the vertical direction (perpendicular to the 
hatch cover) in the upright condition when subjected to pure 
vertical motions. Other modes of operation and novel design 
will be specially considered. 


3.2 Materials and design 


3.2.1 Steel used for loose container securing fittings is to 
comply with the requirements of the Rules for Materials or with 
an equivalent specification acceptable to LR. 


3.2.2 Where loose container securing fittings are intended 
to operate at low ambient temperatures, special considera- 
tion is to be given to the specification of the steel. 


3.2.3 Proposals for the use of materials other than steel 
will be specially considered. 


3.2.4 Locking devices and other fittings which are 
inserted into the container castings on the quayside before 
lifting on board are to be such as to minimise the risk of them 
working loose under the effects of vibration and the risk of 
them falling out. 


3.2.5 For twistlocks, bottom twistlocks, midlocks, stackers 
with intermediate plates and fully automatic fittings, the 
contact areas, for both tension and compression between the 
fitting and the corner castings of the containers, are to be 
such as not to exceed a bearing stress of 300 N/mm? under 
the safe working load of the fitting. No increase in the 
permissible stress level will be given due to higher strength 
material of the fittings. In the case where the design is such 
that the contact area is sloped or inclined and not parallel to 
the container corner casting, the effective contact area will be 
specially considered. 


3.3 jtoe testing 


3.3.1 Prototype tests are to be in accordance with 2.3.1 
to 2.3.6, except that Tables 14.3.1 and 14.3.2 are to be 
applied in lieu of Tables 14.2.1 and 14.2.2 respectively. For 
vertical lashing, see 5.4.7 (b). 


Table 14.3.1 


Min. proof load 


3.4 Production testing 


3.4.1 The nature and extent of proposed production testing 
will be considered by LR, but the arrangements are to be at 
least equivalent to one of the following testing procedures: 
(a) For: 

(i) Loose container securing fittings except chain 
or wire rope lashings. One randomly selected 
sample from every 50 pieces, or from each batch 
if fewer than 50 pieces, is to be proof loaded in 
accordance with Table 14.3.1. 

(i) Chain or wire rope lashings. One randomly 
selected sample from every 50 pieces, or from 
each batch if fewer than 50 pieces, is to be tested 
to breaking. 

(b) All fittings, securing devices and lashings are to be proof 
loaded to the SWL of the item and in addition, one 
randomly selected sample from every batch of chain or 
wire rope lashings is to be tested to breaking. 


3.4.2 Permanent deformation (other than that due to 
initial embedding of component parts) will not be accepted 
unless tests are conducted in accordance with 3.4.1 (a)(i) and 
the SWL of the sample is 250 kN or greater. In this case, 
consideration may be given to acceptance of permanent 
deformation in the load range between SWL + 125 kN and 
the proof load, provided that satisfactory manual operation 
can be achieved after completion of tests. 


3.4.3 In the event of premature failure or serious plastic 
deformation occurring in a test sample, a further randomly 
selected sample is to be selected for testing. In the event that 
this sample is found to be unsatisfactory, the associated 
batch will be rejected. 


Design breaking loads and proof loads for loose container securing fittings 


Min. design breaking load 


SWL < 400 kN 


SWL > 400 kN SWL < 400 kN SWL > 400 kN 


Lashings 
Wire rope 
Rod: higher tensile steel 
Chain: mild steel 
higher tensile steel 


1,5 x SWL 


Other loose container securing fittings 


3 x SWL 
2 x SWL 
3 x SWL 
2,5 x SWL 


SWL + 200 kN SWL + 400 kN 


2 x SWL 


NOTES 


1. Higher tensile steel is defined for this purpose as steel having a yield stress not less than 315 N/mm2. 
2. Breaking and proof loads for lashings of material other than steel will be considered. 


Table 14.3.2 


Description 


Required test modes 
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Test loads and test modes for loose container securing fittings 


Recommended minimum, in KN 


Breaking 


SWL load 


Proof load 


ing rod 


ing rod (HTS) 


ing chain (MS) 


ing chain (HTS) 


Lashing steel wire 
rope 


180 360 


250 500 


80 200 


300 


Turnbuckle 


Tensile load 


Twistlock (manual, 
semi-automatic and 


Shear load 


fully automatic 
fittings) 


Tensile load 


Midlock 


Shear load 


Tensile load 


Stacker 


Shear load 


NOTES 
1. 


Where containers with strength higher than required for ISO containers are used, special consideration will be given to the requi 


minimum loads. 
The test modes illustrated above are diagrammatic only. 


2. 

3. Other fittings not covered in this Table may be specially considered, see also 3.5.1. 

4. For assessment of a para-lash arrangement, see 5.4.4, where each lashing rod is modelled, the SWL is to be taken as 0,75 times the 
SWL of a single lashing. Where a single lashing rod is used to model both rods, the SWL is to be taken as 1,5 times the SWL of a single 


lashing. See also 9.5.2. 


3.5 Function and environmental testing 

3.5.1 For fittings of novel design or with special features, 
in addition to the prototype and production testing, a function 
test may be required to demonstrate that the fitting is fit for 
purpose. Details of the function test will be considered on an 
individual basis, taking into consideration the mode of opera- 
tion of the fitting. In addition, LR reserves the right to require 
environmental tests. The actual test depends on the individual 
design of the fitting. The tests are to verify that environmental 
and ageing effects, such as corrosion, icing, debris contami- 
nation, etc., do not impinge on the safe operation of the fitting. 
In this case, LR reserves the right to require the submission 
of maintenance instructions as part of the approval procedure. 
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E Section 4 
Ship structure 
4.1 General 
4.1.1 The ship structure and hatch covers in way of fixed 


cargo securing fittings are to be strengthened as necessary, 
see 1.1.2. 


4.1.2 A breakwater may be required, see 1.1.7. 
4.2 Strength 
4.2.1 The SWL of the fixed cargo securing fitting is to be 


used as the design load when approving the weld attach- 
ments and the support structure of the fixed cargo securing 
fitting. 


4.2.2 For container securing arrangements, the design 
load when approving the weld attachment and supporting 
structure is to be calculated in accordance with Section 9. 
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4.2.3 When considering the loads, all expected directions 
of operation are to be taken into account. 


4.2.4 Stresses induced in the weld attachments, supporting 
structure, cell guides, lashing bridges and other structures 
serving as fixed cargo securing points, determined using the 
design loads as defined in 4.2.1 to 4.2.3, are not to exceed 
the permissible values given in Table 14.4.1. 


Table 14.4.1 Permissible stress values 


Permissible stress, 
N/mm2 


Normal stress (bending, tension, 
compression) 


0,6704 


Shear stress 0,405 


Combined stress 


0,860, 


Symbols 


specified minimum yield stress, in N/mm 


a Section 5 
Container securing arrangements 
for stowage on exposed decks 
without cell guides 

5.1 General 

5.1.1 Containers stowed on deck or on hatch covers are 


generally to be aligned in the fore and aft direction (longitudi- 
nally stowed), but alternative arrangements will be considered. 


5.1.2 Containers are to be stowed so that they do not 
extend beyond the ship’s side. Adequate support is to be 
provided where they overhang hatch coamings or other deck 
structures. The stowage arrangements are to be such as to 
permit safe access for personnel in the necessary working of 
the ship, and to provide sufficient access for operation and 
inspection of the securing devices. 


5.1.3 Where containers are stowed on hatch covers, the 
covers are to be effectively restrained against sliding by 
approved type stoppers or equivalent. Details of the locations 
of stoppers relative to the supporting structure are to be 
submitted at an early stage. 


5.1.4 Stanchions and similar structure supporting 
containers and securing devices, such as D-rings for lashings, 
are to be of adequate strength for the imposed loads and of 
sufficient stifíness to minimise any deflection which could lead 
to a reduction in the effectiveness of the securing device. 


5.1.5 In the region forward of 0,75L, additional securing 
devices may be required due to green sea forces, see 8.2.8. 
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5.1.6 In general, stowage of heavy containers on top of 
lighter containers is to be avoided, unless validated as being 
satisfactory by an approved onboard lashing program or 
covered by the approved container securing arrangement. 


5.1.7 Regarding the use of fully automatic fittings, the 
following requirements apply: 

(a) For fittings where the locking method requires defined 
clearances between the corner castings and the fixed 
foundations, such fittings are not to be used at the 
lowest tier of a stack which is resting with one side on a 
hatch cover panel and bridging to a container stanchion. 
The same applies if the stack is resting on different hatch 
cover panels or foundations where relative deflection 
during ship operation can occur. 

If the lashing system consists of a combination of fully 
automatic fittings with lashing rods, only internal cross 
lashings are to be used. No external lashings or vertical 
lashings are to be applied, unless the clearance of the 
loose securing fitting under safe working loads is 
insignificantly small. Alternative arrangements will be 
specially considered, taking into consideration the 
clearances of the fittings. 


5.2 Containers in one tier 
5.2.1 Containers are to be secured at their lower corners 
by approved locking devices. 


5.2.2 Alternatively, containers may be secured by lashings 
fitted diagonally or vertically at both ends of each container, in 
association with cone fittings at each container corner. 


5.3 Containers in two tiers 
5:31 Containers are to be secured at their lower corners 
at each tier by approved locking devices. 


5.3.2 Where the calculations indicate that separation 
forces will not occur at any point in the stack, double stacking 
cones may be fitted at all internal corners of the stack and 
bridge fittings used to connect the tops of the rows in the 
transverse direction. Locking devices are to be fitted at all 
external corners. 


5.3.3 Alternatively, containers may be secured by lash- 
ings in association with stacking cones or, where the 
calculations indicate that separation forces may occur, with 
locking devices. 


5.4 Containers in more than two tiers 
5.4.1 Containers are to be secured at their lower corners 
at each tier by approved locking devices. 


5.4.2 Alternatively, containers may be secured by lashings. 
One or two tiers of lashings may be fitted in association with 
stacking cones or, where the calculations indicate that 
separation forces may occur, with locking devices. 


5.4.3 When lashings are employed, they are usually fitted 
to the bottom corner casting of a container. Proposals to 
attach lashings to the top casting of a container will be 
considered. The reduced strength of the upper corner casting 
compared to the lower corner castings is to be taken into 
account. 


5.4.4 Proposals to use lashings in pairs (para-lash 
arrangements) will be considered. Lashings in pairs are gener- 
ally to be attached one to the bottom corner fitting of the 
upper tier and the other to the top corner fitting of the lower 
tier container. Suitable connections are to be provided at the 
lower ends. The effectiveness of paired lashings is to be taken 
as equal to 1,5 times that of a single lashing. 


5.4.5 Where tiers are fitted at higher levels, they are to be 
secured by locking devices at each corner and each tier. 


5.4.6 Proposals to use horizontal lashings connected to 

lashing bridges will be specially considered. The forces in 

such securing systems are to be determined by direct 

calculations, taking into account the following effects: 

e stiffness of the container walls, the lashings and the 
lashing bridge; and 

. the possible horizontal displacements of the containers 
relative to the lashing bridge due to the clearances of the 
hatch cover stoppers and the container securing fittings. 


5.4.7 When vertical lashings are used in combination with 
container securing fittings, consideration is to be given to the 
vertical clearances between the fittings and the container 
corner castings: 

(a) The lashing assembly is to remain elastic when subject 
to an elongation equating to the number of interface 
fittings fitted below the point where the vertical lashing 
is applied to the stack. In order to avoid overstressing of 
the rod and the turnbuckle, provision of spring or elastic 
elements incorporated into the turnbuckle may be 
advantageous. When lashing from lashing bridge level, 
the number of interfaces is to be counted down to the 
level where the lowest container is resting. The lashing 
rod is to be fitted to the bottom casting of the container. 
For container securing fittings having design clearances 
in accordance with ISO 3874, a nominal clearance per 
fitting of 10 mm is to be taken to determine the total 
elongation of the lashing system. For fittings having 
clearances in excess of 10 mm, the total elongation is to 
be calculated, taking into consideration the higher clear- 
ances. 

A prototype test is to be carried out to demonstrate that 
the vertical lashing has a safe working load of 150 KN 
when elongated up to the calculated total design 
clearance plus 10 per cent without plastic deformation. 
It is recommended that the load-bearing effect of vertical 
lashing arrangements be explicitly taken into account 
when performing lashing calculations. Where this is not 
done, it is acceptable to allow the permissible calculated 
lifting force to be increased by 150 kN in addition to the 
safe working load of the container securing fitting. The 
nominal lifting force is not to exceed 400 kN at the secur- 
ing fittings below the fitting position of the vertical 
lashing. 
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5.4.8 For stowage arrangements incorporating fully auto- 
matic fittings which do not mechanically secure the container 
in pure vertical direction when subject to vertical motions, it is 
to be ensured that no separation occurs under the load cases 
specified in Section 8. In addition, where exposed stacks are 
secured with fully automatic fittings without internal cross 
lashings, provision is to be made to prevent buoyancy forces 
acting on the container which could disengage the 
containers. In this case, the use of effective side screens is 
required. Otherwise, the first tier of containers is to be secured 
by manual or semi-automatic twistlocks. 


5.4.9 If the carriage of one or more tiers of 20 ft containers 
being overstowed with at least one tier of 40 ft containers, the 
so-called ‘Russian Stow Arrangement’, is desired, the 
following requirements apply. 

(a) At the 20 ft gap the containers are to be secured by 
means of midlocks, whereas the fore and aft ends are to 
be secured by twistlocks and if necessary supplemented 
by lashing rods. 

The 40 ft overstow container is to be secured by twist- 
locks or if necessary with a combination of twistlocks 
and lashing rods. The stack is to be assessed in a two- 
step procedure, as follows: 

(i) For location at the 40 ft ends, the entire mixed 

stack is to be considered as a 40 ft stack. The 
weights of the 40 ft containers are to be 
considered in the calculations. For the tiers of 
20 ft containers, the weight of one 20 ft container 
is to be taken as the basis for the calculation at 
each tier. 
For the location of the 20 ft tiers at the mid-bay 
position, the assessment is to be carried out as 
for an unlashed stack. The 40 ft overstow 
container does not need to be taken into consid- 
eration. 


(ii) 


5.5 Line Load stowage 

5.5.1 Where the containers are supported on bearers 
placed to distribute the stackweight as Line Loads, the 
following requirements are to be complied with: 

a) The stack is, in general, to comprise a maximum of two 
tiers of loaded containers. 

The load from the upper tier is to be transferred through 
the container corners. Line loading is not to be used 
between tiers. 

c) The load on each vertical corner post of the bottom tier, 
calculated in accordance with Section 9, is not to exceed 
one half of the Rated Load of the container. 

Where the calculations indicate that lifting forces may 
occur, locking devices are to be fitted at the container 
corners. 

The clearance below the bottom container corner casting 
is to be such that the stacking cone or equivalent cannot 
be dislodged under shear loading. 


b) 


5.5.2 Where an approved Line Load stowage system is 
installed, the special features notation will be suitably 
modified. 
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5.6 Systems incorporating structural restraint 
5.6.1 Containers may be secured by the use of a fixed 
structure providing permanent buttresses in association with 
portable frameworks. Proposals to adopt such systems will 
be considered on the basis of the loads developed in the 
structure and the corresponding stresses. 


5.6.2 The framework or other devices securing the 
containers are to be aligned with the container corner fittings 
and any clearance gap is to be kept to the minimum to reduce 
shifting. 


a Section 6 
Container securing arrangements 
for underdeck stowage without 
cell guides 

6.1 General 

6.1.1 Containers are generally to be stowed in holds in 


the fore and aft direction, but alternative arrangements will be 
considered. The securing arrangements are to be designed 
on the basis of the most severe distribution of loads which 
may arise in the container stack. 


6.1.2 Containers may be secured by locking devices only 
or by a combination of locking devices, buttresses, shores or 
lashings. Containers are, in general, to be restrained at every 
corner at the base of the stack and at all intermediate levels. 


6.1.3 Where stacks consist of one or two tiers only, 
consideration will be given to the omission of corner locking 
devices. Containers must, however, be secured by a mini- 
mum of two corner locking devices. 


6.1.4 Where the calculations indicate that separation 
forces could occur at any particular level, twistlocks or equiv- 
alent means of securing are to be fitted at that level. 
Elsewhere, consideration will be given to the use of double 
stacking cones. 


6.1.5 Where the calculations indicate that separation 
forces will not occur between containers at any level, consid- 
eration will be given to the use of stacking cones in lieu of 
locking devices throughout. 


6.1.6 Buttresses are generally to be of the tension and 
compression type and are to be provided with means of 
adjustment to ensure tightness when fitted in place. Where 
applicable, the attachment to the ship’s structure is also to 
include means for vertical adjustment of the buttress to match 
container stacks of different heights. 


6.1.7 Shores of the compression-only type may be 
permanently attached to the ship structure or they may be 
hinged or portable. When in place they are to abut the 
container corner fittings with minimal clearance. Means are to 
be provided to prevent slackening of the device. 
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6.1.8 Adjacent stacks of containers are to be linked in line 
with buttresses or shores in order to transmit lateral loads. 
The fittings used for these linkages are to be of adequate 
strength to transmit the loads imposed. 


6.1.9 The ship's structure supporting shores and 
buttresses is to be reinforced as necessary. 


6.1.10 _ Proposals for alternative securing systems, including 
systems relying on minimal clearance between containers and 
hull structure, will be specially considered. 


6.1.11 Attention is drawn to the safety at work aspects for 
fittings which require operation on top of containers, e.g., 
double stacking cones, bridge fittings, buttresses and shores. 
Where these fittings are used, fall protection is to be provided. 


E Section 7 
Container securing arrangements 
for stowage using cell guides 

7.1 General 

7.1.1 Cell guide systems may be fitted to support 


containers stowed in holds or on exposed decks. 


folie The cell guides are not to form an integral part of 
the ship’s structure. The guide system is generally to be so 
designed as to keep it free of the main hull stresses. 


7.1.3 Cell guides are to be designed to resist loads 
caused by loading and unloading of the containers, to prevent 
shifting of the containers and to transmit the loads caused by 
motions of the ship into the main hull structure. 


7.2 Arrangement and construction 

7.2.1 Cell guides are to be of robust construction and 
generally fabricated from steel plate and rolled sections. They 
are to have sufficient vertical extent and continuity to provide 
efficient support to containers. Guide bars are to be effectively 
attached to the supporting structure to prevent tripping or 
distortion resulting from container loading. 


7.2.2 The intersection between cell guide and cross ties 
is to provide adequate torsional stability. 


7.2.3 Intermediate brackets are to be fitted to vertical cell 
guides at suitable intervals. 


7.2.4 The cell guides are to give a total clearance 
between the container and guide bars not exceeding 25 mm 
in the transverse direction and 40 mm in the longitudinal 
direction. The deviation of the cell guide bar from its intended 
line is not generally to exceed 4 mm in the transverse direction 
and 5 mm in the longitudinal direction. 


7.2.5 Athwartship cross ties are to be fitted between cell 
guides at a spacing determined from the loading on the 
guides but, generally, not more than 3,0 m apart. Wherever 
possible, cross ties are to be arranged in line with the corners 
of the containers as stowed and are to be supported against 
fore and aft movement at a minimum of two points across the 
breadth of the hold. Where, however, the maximum fore and 
aft deflection in the cross tie can be shown not to exceed 
20 mm, one support point may be accepted. 


7.2.6 Longitudinal tie bars may be required to be fitted 
where shown necessary by the force calculations for the 
structure. Where fitted, they are to comply with the require- 
ments of 7.2.5. 


7.2.7 Where, at the sides or ends of holds, the guide rails 
are fitted to transverse or longitudinal bulkheads, the bulkhead 
is to be locally reinforced to resist the additional loads. 


7.2.8 If the carriage of 45 ft Euro containers complying 
with EU Directive 96/53 is specified to be carried in 45 ft cell 
guides, attention is to be paid to the arrangement of the 
corner castings, see Fig. 14.7.1. The guide bars need to be 
increased in order to ensure that a minimum design overlap, 
a, of 20 mm is achieved, taking into account the design 
clearances and tolerances defined in 7.2.4. Consideration is 
to be given to the torsional loads being applied to the guide 
bars. 


Tal 
A 


Fig. 14.7.1 


45 ft euro container in cell guides 


7.3 Carriage of 20 ft containers in 40 ft cell guides 
in holds 
7.3.1 Where the cell guides are arranged for the carriage 


of 40 ft containers, provision may be made for the installation 
of temporary intermediate cell guides for 20 ft containers. The 
permanent structure is to be designed such that it is suitable 
for either loading pattern. 


7.3.2 Alternatively, permanent means for the support of 

20 ft containers at the mid-length of a cell arranged for 40 ft 

containers will be considered. Such means may include the 

following: 

(a) A pillar (inboard) and vertical rest bar (on the longitudinal 
bulkhead) against which the container stack may rest. 
The pillar is to be supported laterally by the deck struc- 
ture over and is to be sufficiently stiff to control lateral 
deflection of the container stacks. 
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(b) Guide bars supported transversely by slim structure 
within the gap between containers and with longitudinal 
ties as necessary. 

Details of proposals will be individually considered, taking into 
account the loads on the support structure and the resulting 


deflections. 


7.3.3 Where it is desired to stow 20 ft containers without 
external support at the mid-bay location with or without 40 ft 
overstow, so-called ‘mixed stowage’ arrangements meeting 
the following requirements are applicable: 
(a) Maximum homogeneous container weights for 20 ft 
containers stowed in cell guides with no 40 ft container 
overstowed can be derived from Tables 14.7.1 and 
14.7.2, depending on the transverse acceleration and 
the number of tiers in the stack. 
Maximum homogeneous container weights for 20 ft 
containers stowed in cell guides with at least one 40 ft 
container overstowed can be derived from Table 14.7.3, 
depending on the transverse acceleration and the 
number of tiers in the stack. 
Tables 14.7.1 to 14.7.3 have been derived on the basis 
of all containers in a stack having the same homoge- 
neous weight. Where it is intended to carry 
non-homogeneous mixed stowage stacks, containers 
heavier than specified in Tables 14.7.1 to 14.7.3 can be 
loaded in the lower tiers provided that the total stack 
weight derived from the Tables is not exceeded. 
Furthermore, no container having a weight in excess of 
the maximum weight stated in the Tables is to be stowed 
on top of a lighter container. However, the total accu- 
mulated stack weight derived from the above mentioned 
Tables may be increased by loading the lowest container 
in the stack up to its maximum rated weight. 
Means are to be provided to prevent transverse sliding of 
the bottom of the stacks of 20 ft containers at the 
mid-bay position. This is to be in the form of permanently 
attached chocks at the inner bottom or equivalent. The 
design clearance is to be the same as for the cell guides 
and in accordance with 7.2.4. 
Stacking cones are to be fitted at each corner between 
tiers of the 20 ft containers to prevent transverse and 
longitudinal sliding. In addition, where a 40 ft container 
is required to be stowed above 20 ft containers, stacking 
cones are to be fitted at the ends of the 40 ft container 
between the 40 ft container and the 20 ft containers 
below. 
(f) The 20 ft containers are to have closed steel walls and 
top (no open frame containers, e.g., tank or bulk 
containers). 


(g) The orientation of the containers is to be such that all 
front ends or door ends are facing in one direction. 
(h) Cones are to be fitted on the inner bottom in way of the 


cell guides to restrain container movement in the 
longitudinal direction. 

() The containers are to be stowed in the hold in block 
stowage. In general, free standing stacks due to 
adjacent empty stacks are to be avoided. 

Proposals for stowage arrangements other than the above 

will be individually considered and are to be accompanied by 

supporting calculations. 
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Table 14.7.1 Maximum container weights of ISO 1496-1:1990 20 ft containers stowed in 40 ft cell guides with no 
overstow; Container's rated Weight = 24 t 


Lowest tier transverse Maximum homogeneous container weights, in tonnes 
acceleration 
(= ay/9), see 8.2.5 
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0,635 
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0,645 
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8,7 
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8,6 
8,6 
8,5 
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Table 14.7.2 Maximum container weights of ISO 1496-1:1990 20 ft containers stowed in 40 ft cell guides with no 
overstow; Container’s rated weight = 30,5 t 


Lowest tier transverse Maximum homogeneous container weights, in tonnes 
acceleration 
(= ay/9), see 8.2.5 3 tiers i 6 tiers 7 tiers 8 tiers 9 tiers 10 tiers 11 tiers | 12 tiers 


0,350 30,5 20,2 17,3 14,8 13,4 
0,355 30,5 | 20,0 14,6 13,3 
0,360 30,5 
0,365 30,5 
0,370 30,5 
0,375 30,5 
0,380 30,5 10,2 9,1 
0,385 30,5 10,1 9,0 
0,390 30,5 10,0 9,0 
0,395 30,5 9,9 8,9 


0,400 30,5 9,9 8,9 
0,405 30,5 9,8 8,8 
0,410 30,5 9,7 8,8 
0,415 30,5 | 9,7 8,7 
0,420 30,5 | 9,6 8,7 
0,425 30,5 | 9,5 8,6 
0,430 30,5 | 9,4 8,6 
0,435 30,5 | | 9,4 8,5 
0,440 30,5 | 9,3 
0,445 30,5 9,2 


0,450 30,5 9,2 
0,455 30,5 9,1 
0,460 30,5 9,0 
0,465 30,5 8,9 
0,470 30,5 8,9 
0,475 30,5 8,8 
0,480 30,5 8,7 
0,485 30,5 
0,490 30,5 
0,495 30,5 


0,500 30,5 
0,505 30,5 
0,510 30,4 
0,515 30,4 
0,520 30,4 
0,525 30,4 
0,530 30,4 
0,535 30,3 
0,540 30,3 
0,545 30,1 


0,550 30,1 
0,555 29,9 
0,560 29,8 
0,565 29,6 
0,570 29,4 
0,575 29,1 
0,580 28,9 
0,585 28,7 
0,590 28,5 
0,595 28,3 


0,600 28,2 
0,605 28,1 
0,610 28,0 
0,615 28,0 
0,620 28,0 
0,625 27,9 
0,630 27,9 
0,635 27,9 
0,640 27,9 
0,645 27,9 
0,650 27,9 


10,6 9,5 
10,5 9,4 
10,5 9,3 
10,4 9,3 
10,3 9,2 
10,2 9,2 


“DOWD 


~DD|WRUO NW 


OOO4-4+4~NNWARRGIOON®DO 


oo 
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Table 14.7.3 
overstow 


Lowest tier transverse 
acceleration 


Maximum container weights of ISO 1496-1:1990 20 ft containers stowed in 40 ft cell guides with 


Maximum homogeneous container weights, in tonnes 


4 tiers 


(= ay/9), see 8.2.5 


5 tiers 


6 tiers 7 tiers 8 tiers 


0,400 
0,405 
0,410 
0,415 
0,420 
0,425 
0,430 
0,435 
0,440 
0,445 
0,450 
0,455 
0,460 
0,465 
0,470 
0,475 
0,480 
0,485 
0,490 
0,495 
0,500 
0,505 
0,510 
0,515 
0,520 
0,525 
0,530 
0,535 
0,540 
0,545 
0,550 


24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 


OO Oo COC OOOO oO OG 


ooooooooooooooooooooooooooooooo 


24,0 
23,6 
23,3 
22,9 
22,5 
22,1 
21,8 
21,5 
21,2 
21,0 
20,8 


19,6 
19,4 


17,1 
17,0 


15,2 


NOTE 
AOft overstow containers not included in the number of tiers. 


7.4 Cell guide systems on exposed decks 

7.4.1 Analysis methods for the strength of the cell guide 
structure are to take due account of the interactive effects 
between guide structure and supporting deck structure and 
also of the deformation of the hull girder. 


7.4.2 At its lower end the guide structure is to be 
efficiently connected to the deck structure. Cross ties are to 
be arranged between guides in a transverse direction at a 
spacing determined by the loading on the guides but in 
general not more than 3 m apart. Cross-bracing members of 
adequate strength and sufficient number are to be fitted in the 
transverse and longitudinal directions to prevent excessive 
deflection of the guide structure. 


7.4.3 The height of guide bars above the deck is to be 
sufficient to ensure adequate restraint to the uppermost 
container tiers. 


7.4.4 Where the cell guide structure is attached to highly 
stressed hull or deck elements, such as sheerstrakes, special 
attention is to be given to the design of the connection and 
the grade and quality of steel utilised. 
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7.5 Entry guide devices 

7.5.1 A device to pre-centre the container and direct it 
into the cell guides is normally to be fitted at the top of the 
guide bars. Such devices include: 

e fixed even peaks, 

e fixed high and low peaks, 

. ‘flip-flop’ systems, 

but other devices will be considered. The device is to be of 
robust construction. 


a Section 8 
Determination of forces for 
container securing arrangements 
8.1 General 
8.1.1 The forces acting in the securing system are to be 


determined for each loading condition and associated set of 
motions of the ship. Although the operation of anti-roll devices 
or other systems may improve the behaviour of the ship in a 
seaway, the effect of such devices is not to be taken into 
account to reduce the determination of the forces for 
container securing arrangements. 


8.1.2 The following forces are to be taken into account: 

e Static gravity forces. 

. Inertial forces generated by the ship motions in a 
seaway. 
Wind forces. 

© Forces imposed by the securing arrangements. 

e Wave impact forces and effects of consequential hull 
girder whipping. 


8.1.3 Forces due to pre-tensioning the securing devices 
need not, in general, be included in the calculation, provided 
that they do not exceed 5 kN in any one item. Special consid- 
eration will be given to cases where forces obtained from 
pre-stressing are an integral part of the design of the system. 


8.2 Ship motion, wind and green sea forces 
acting on containers 
8.2.1 The forces acting on each container due to gravity, 


ship motion accelerations, ship rolling and pitching angles and 
wind forces and green sea forces are to be calculated as 
follows. 


8.2.2 The ship motion amplitude and period for roll and 
pitch motions are given in Table 14.8.1. The equations for ship 
motion accelerations and other motion parameters are given 
in 1.5. These are to be used for the calculation of accelera- 
tions to derive the forces for the container securing 
arrangements. Alternatively, the ship motion values may be 
derived by direct calculation methods using the same 
principles as those used to derive the Rule equations. 


8.2.3 The following six Motion Cases (MCs) are to be 
considered: 
MC1: Head sea case that maximises vertical 
acceleration 
MC2: Beam sea case that maximises roll motion 
MC3: Oblique sea case that maximises pitch accel- 
eration 
MC4: Oblique sea case with forward speed that 
maximises roll motion 
MC5: Oblique sea case that maximises combined 
transverse and vertical accelerations 
MC6: Beam sea case that maximises heave accel- 


eration 
Each Motion Case comprises 2 or 4 Motion Combination 
Factor (MCF) sets representing an incoming wave crest or 
trough coming from either the port or starboard sides. Each 
MCF set represents an Equivalent Design Wave (EDW) that 
generates response values equivalent to the long-term 
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response values of the critical load components for ship 
motion forces acting on containers. The Motion Combination 
Factors are given in Table 14.8.4. 


8.2.4 The individual force components for each Motion 
Case due to gravity, ship motions, wind and green seas 
acting on a container / are to be determined as follows, see 
Figs. 14.1.1 and 14.9.1: 

Hp = force acting on container / in KN in transverse 

direction parallel to deck, positive to port 

Way + Hai 

pi = force acting on container / in KN in longitudinal 

direction parallel to deck, positive forward 

W ay + Jai 

= upwards force acting on container / in KN normal to 

deck 

Wa, + Poi 

wind force acting on exposed container / in KN in 

transverse direction parallel to deck 

Cut b Ci Vi? cos? (Cya p) x 10-4 

where 

Cwt IS given in Table 14.8.2 and Cyg is given in 

Table 14.8.4 

NOTES 

1. Qp; is only to be applied when Qp; will 
increase the transverse force Hpi: 

2. When the green sea force Hg; is also 
applicable, the wind force is only to be 
applied to container / when the wind force Qp; 
is greater than the green sea force Hg; acting 
on container /. In this case the wind force is to 
be reduced such that the total combined 
green sea and wind force is not greater than 
the originally calculated wind force. 

3. See also 8.2.6 and 8.2.7. 

green sea force acting on container /, in kN in 

transverse direction parallel to deck, positive to 

port 

= —b C; Pos for port side exposed containers 

= b C¡ Pos for starboard side exposed containers 

green sea force acting on container /, in kN in 

longitudinal direction parallel to deck, positive 
forward 

=8 GF 
Pa = 


¡| 
| 


a) 
g 
| 


© 
g 
Il 


gs 
green sea force acting on container /, in KN in the 


upwards direction normal to deck 
1,5a b 


where 


P green sea pressure in kKN/m2, see 8.2.8 and 8.2.9. 


gs 


8.2.5 The total instantaneous acceleration values acting 
on container /, including the static gravitational term, are to be 
taken as: 
e Longitudinal acceleration (parallel to deck, positive 
forward) 
a = Cys surge + Cxp Apiton Zi — 9 Sin (Cyg w) m/s? 
e Transverse acceleration (parallel to deck, positive to port) 
ay = Cys Agway ~ Cyr Aro Zi + 9 Sin (Cyc 0) m/s? 
e _ Vertical acceleration (normal to deck, positive upwards) 
dz = Cor (C24 Aheave + Car roti Yi = fap Cap @pitch Xi J= 
g cos (Cya y) COS (Cya ) m/s? 
where the Motion Combination Factors Cys, Cxp, Cxe, Cys, 
Gyr, Cya CzH, Con and Czp for each Motion Case are given in 
Table 14.8.4. 
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Table 14.8.1 


Motion 


Ship motions 


Maximum single amplitude, in degrees 


Period, in seconds 


Table 14.8.2 


Motion Case 
see Note 1 


$ = 55fgk fsp 6000258) 


p is not to be taken less than fsp 22° but need not exceed 


30° 


y = 13501-0,94 ( 0 dra 


w need not exceed 8° 


Wind force coefficient Cyf 


Wind force coefficient Cwf 


Incoming wave 
from port 
(1P and 2P cases) 


Only applied to the 
port exposed faces 
of containers, 
see Note 3 


Incoming wave 
from starboard 
(1S and 2S cases) 


Only applied to the 

starboard exposed 

faces of containers, 
see Note 3 


MC1, see Note 2 0 0 


MC2 
MC3 
MC4 
MC5 
MC6 


-8,25 
-7,18 
-7,18 
-7,18 
-8,25 


8,25 
7,18 
7,18 
7,18 
8,25 


NOTES 

1. For definition of Motion Cases, see 8.2.3. 

2. No wind loads are to be applied to Motion Case MC1. 
3. For definition of exposed faces, see 8.2.7. 


8.2.6 Wind forces are generally to be based on a maxi- 
mum wind speed, Vw, of 40 m/s. Only positive forces of wind 
pressure are to be applied; suction forces need not be 
included. 


8.2.7 Wind forces are to be taken as acting athwartships 
on the exposed faces of the container stack. Where the air 
gap between adjacent rows of containers does not exceed 
one metre, wind forces on the adjacent inner stack may be 
taken as zero. Where the air gap is 5 m or more, the adjacent 
inner stack is to be treated as fully exposed. Wind forces on 
the inner stack for intermediate air gaps may be obtained by 
linear interpolation, see Fig. 14.8.1. 


20 


Cy = 0,95 for MC1 
= 0,52 for all other Motion Cases 


Wind exposed, partial wind exposed and protected containers 


> e » 


> e 
4m 


=> 
=> 


111111 


Fig. 14.8.1 


Application of wind forces 


8.2.8 The green sea force is to be applied as follows, see 

Fig 14.8.2: 

e When the transverse force Hp; is acting inwards, the 
green sea force Hg; is to be added to Hp; for each 
container in the lowest three tiers of the outermost two 
stack positions where x, > 0,75L, unless they are 
protected by another container or effective wraparound 
breakwater or equivalent. 

e When the longitudinal force Jp; is acting aftwards, the 
green sea force Jg is to be added to Jp; for each 
container in the lowest three tiers where x, > 0,75L, 
unless the forward end of the container is protected by 
another container or effective breakwater or equivalent. 

e When the vertical acceleration a, > -9,81m/s? (less 
than g), the green sea force Pg; is to be added to Pp; on 
the exposed underside of the lowest outboard container 
where x, > 0,75L. The underside is considered exposed 
if it is raised above the hatch cover or deck by more than 
0,5 m and not protected by an effective breakwater or 
equivalent. 

NOTE 

In general, Tier 1 position corresponds to lowest tier of 

containers sitting just above the deck and Tier 2 position 

corresponds to the lowest tier of containers sitting just above 

the hatch covers, see Fig. 14.8.2. 
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I 
0,75L 


(a) Green sea loading on lowest three tiers only — Effective breakwaters (Forward and wrap around) 
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(b) Green sea loading on lowest three tiers only — No effective breakwater 


Fig. 14.8.2 Example of application of green sea forces 
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8.2.9 The green sea pressure is given by: 
for L >100 
Pos = Car L2 + Ceo L+ Cas kN/m2 but not less than O 
for L < 100, Pg, is to be taken as: 
= 1,5 for Tier 1 
= 1,0 for Tier 2 
= 0,5 for Tier 3 


where 
Car Cea, Ceg are defined in Table 14.8.3 


Proposals to use other values for green sea forces will be 
specially considered. 


Table 14.8.3 Green sea pressure coefficients 


Cge 
0,0035 


0,0040 
0,0045 


Car 


-0,000017 
—0,000020 
-0,000023 


a Section 9 
Strength of container securing 
arrangements 

9.1 General 

9.1.1 The securing system is to be designed on the basis 


of the most severe combination of the forces specified in 
Section 8 in such a manner that the resultant forces on the 
containers and securing devices are within allowable limits. 
Where different arrangements of securing devices are 
proposed for different locations on the ship, the forces are to 
be calculated for the most severe condition applicable to each 
arrangement. 


9.1.2 The resultant forces in the containers are not to 
exceed the allowable values given in 9.6. 


9.1.3 The resultant forces in the securing devices and 
supports are not to exceed the allowable working loads for 
which the device has been approved, see Sections 2 and 3. 


9.1.4 The forces in lashing devices, where fitted, are not 
to exceed the allowable safe working loads (SWLs) of the 
lashings as determined from Section 3. 


9.2 Applied forces to each container 

9.2.1 The applied forces due to ship motion and environ- 
mental loads acting on each container in the stack in 
accordance with Section 8 are illustrated in Fig.14.9.1 and are 
assumed to be divided equally between the walls of the 
container, as follows: 


Hb; 
H, = transverse force on each end wall = > kN 


J = 


dry 
longitudinal force on each side wall = > kN 
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P, = vertical downwards force at the bottom of each 
-Pbi 
corner post = 4 kN 
Qoi 
Q; = wind force on each end wall = 5 kN 


The subscript i refers to any particular container. 


9.2.2 Forces H; and J; are assumed to act at one third of 
the height of the container above its base. These forces are 
distributed as follows: 


HI J 
a (or +) acting at the top of the container, and 
OH, j 


3 (or =) acting at the bottom. 


9.2.3 Wind force is assumed to be uniformly distributed 
over the side of the container and is therefore divided equally 
between the top and bottom of the container. 


9.3 Total resulting forces in an unlashed stack 
9.3.1 Where the stack is supported only by approved 
devices between the tiers of containers and at the base of the 
stack, the total forces in the stack are determined from 
Table 14.9.1. Fig.14.9.1 illustrates the applied forces acting 
on each container and the resulting total forces. 

9.3.2 For exposed stacks forward of 0,75L, see 8.1.4. 
9.3.3 To illustrate this calculation, the equations for 
calculation of the transverse forces only for the three-tier stack 
shown in Fig. 14.9.1 are listed below. For simplicity, the 
equations below do not include the longitudinal forces. The 
complete method to combine longitudinal and transverse 
forces for an unlashed stack is given in Table 14.9.1. 

(a) Transverse racking force in each end wall: 


Tier3: RA% = Fe 

Tier 2: RAy2 = F3 + Fo 

Tier1:  FAyj = Fa +Fo+ Fy 
(b) Transverse shear force at each bottom corner fitting: 

Tier 3: SFyg = 0,55 (H3 + Qs) 

Tier2: SFyp = 0,55 (Hg + Ho + Qg + Q)) 

Tier 1:  SFy = 0,55 (Hg + Ho + Hy + Qg + Qo + Q4) 
(c) Compressive force at bottom of each port side corner 


post (i.e., force on the container below): 


, F3 

Tier 3: Vo3 = Pz + a (Cs +5) 

Tier 2: Vop = Pa +P> +28 (C3 + Co + ds +0») 

f p2 =*3 Pee ye 3 2) + 

Fo 
“a (Cp + As) 

: F3 

Tier 1: © Vai = Pa +Po+P4 + IO +C + C4 + 


da + dp + di) +22 (Co + Cy + do + 


di) + El (01 +44) 
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— 
dy 
(i) Applied loads to each container (i) Resultant applied forces for each container 


(iil) Resultant shear and compressive forces in each end of an unlashed stack 


Fig. 14.9.1 Force derivation at one end of a three-tier stack 


F. 
Compressive force at bottom of each starboard side Tier1: Voy = Pg +Po+Py- = (C3 + Co + C4 + 


corner post (i.e., force on the container below): 


F. Fo 
Tier3: Vos = Pye (Cg + da) dg + da + d1)- — (Co + Cy + Op + 
Fy 
d)- 3 (Cy + dh) 


F. 
Tier2: Ven = Pg +P- = (C3 + C2 + d3 + d) - 
Fo A negative value in equations (c) and (d) indicates a separation 
=> (Co + dp) force at that level. 
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Table 14.9.1 Total resulting forces in each end/side wall of an unlashed stack 


Force Equations for an unlashed stack 


(a) Racking force in end/side wall of container i 


Transverse 
j=i 
where the transverse force at level j is given by 


2H; H; Qh Q; 
: (+1) j (+1) j ; 
Fj 3 + 3 + 5 + 5 kN for j < Nand 


Bi Q kN forj=N 
3 2 


Longitudinal 


where the longitudinal force at level j is given by 
2J; Ji 
G = + = KN forj<Nand 


G; 4 kN forj=N 


(b) Shear force acting at bottom corner device of container / 


N 
Transverse SF, 0,55 2 (Hj +Q) kN 
J=l 


N 
Longitudinal ij = 0,55 3, Jj KN 
j=i 


Total shear force i SF + SF? kN 


(c) Compressive force in each corner post o 


Port fwd 


Port aft 


Starboard fwd 


Starboard aft 


Symbols 


is the height from the bottom of the fitting (e.g., twistlock) below corner post i to the top of container j, in metres 


J 
= 2, K+% 
k=i 
is the total numbers of tiers 
is only applied to the exposed container faces 


9.3.4 The transverse displacements of the container where 
stack are to be calculated as follows. The displacement of the RAy = transverse racking force in end wall of container /, 
top corner of container į under the actions of the applied see also Table 14.9.1 
forces is given by: N 
i PA, = 2 F KN 
dy = È (5) mm j=1 
Ed a Ky = shear spring stiffness of the end wall being 
Sy is to be calculated for each end wall of the considered, see Table 14.9.2. 
container 
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Table 14.9.2 Shear spring stiffness of container 


walls 


Container 
height, 
metres 


Closed end Side wall 


kN/mm 


Door end 
kN/mm 


3,7 16,7 
3,5 15,4 
3,3 14,3 
3,2 13,3 


8 
8 
9 
9 


9.3.5 The longitudinal displacements of the container 
stack are to be calculated as follows. The displacement of the 
top corner of container / under the actions of the applied 
forces is given by: 


dj = 2 (=) mm 


j=1 Kox 

by is to be calculated for each side wall of the 
container. 

9.4 Total resulting forces in a stack incorporating 
lashings 


9.4.1 Where the securing arrangements incorporate 
lashings, proper allowance is to be made for flexibility of the 
system. For this purpose, the following values may be 
adopted: 

(a) Racking deformation of the container. Full scale test- 
ing of containers indicates that values of the shear spring 
stiffness constant (see Fig. 14.9.2) may be taken as in 
Table 14.9.2. 

(o) Horizontal movement of the containers. Initial 
displacement of containers due to tolerances in 
container fittings will be considered in conjunction with 
the stowage arrangement proposed. Generally, initial 
displacement may be neglected in calculation proce- 
dures for conventional stowages. 

(c) Elongation of the lashings. Elongation may be deter- 
mined by reference to an effective cross-sectional area 
of lashing device and an effective modulus of elasticity 
of the lashing (allowance for straightening and stretching), 
which in the absence of actual test values may be taken 
as specified in Table 14.9.3. 


9.4.2 Any other element introducing flexibility into the 
structure between the lashing point and the base of the 
container stack is to be evaluated and taken into account, if 
necessary. Examples of this could be flexibility of a lashing 
bridge, sliding of a hatch cover or torsional deformations of 
the hull. 


9.4.3 The following lashing devices may be used: 

e Ashore device or similar that only accepts compressive 
loads, see 6.1.7. This may be modelled in a similar way 
to alashing rod. However, where more than one stack is 
supported by the use of linkages between adjacent 
containers in line with the shore, the calculation model is 
to take this into account. 


Table 14.9.3 


Effective modulus of elasticity of 
lashing devices 


Effective modulus 
of elasticity (E) 
see 9.5.2 


Lashing equipment 


Steel rod lashings of hook type, including 98 kN/mm? 


turnbuckle 

Short (one tier) steel rod lashings (knob 140 kN/mm2 
type), including turnbuckle and lashing eyes 
Long (two tier) steel rod lashings (knob 175 kN/mm2 
type), including turnbuckle and lashing eyes 


Steel wire rope lashings 90 KN/mm2 


Steel chain lashings (based on the nominal 80 kN/mm? 


diameter of the chain) 


120 KN/mm? 


Adjustable tension/compression buttress 


Aluminium or other materials To be specially 


considered 


e A lashing bridge to allow lashing devices to be arranged 
high up in the container stack. Where open framework 
systems are fitted on deck to provide structural restraint, 
they are to be designed to absorb the full horizontal 
component of force at that level and to prevent move- 
ment of the container stack. For the purpose of these 
calculations, the deformation of the ship’s structure in 
way of supports may be neglected. 

e A buttress connection or tension/compression device 
that accepts compressive and tensile forces, see 6.1.6. 
These are normally used for hold stowage. Where more 
than one stack is supported by the use of linkages 
between adjacent containers in line with the buttress, the 
calculation model is to take this into account. 


9.4.4 The applied forces due to ship motion and environ- 
mental loads on containers in the stack are to be determined 
in accordance with 9.2. 


9.4.5 The tensile or compressive forces in lashing devices 
supporting the container stack are to be determined in accor- 
dance with 9.5. 


9.4.6 The load system for a four-tier stack of containers 
with transverse upper and lower lashings is illustrated in 
Fig. 14.9.2. The containers and lashings are modelled as a 
system of springs whose stiffness may be calculated and 
hence the equilibrium condition for the system may be found, 
see Fig. 14.9.2(ii). 


9.4.7 The calculations are to be made for each end of the 
container stack, that is, with all door ends together and with 
all closed ends together, and also for each side wall. 
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(i) Example of single and doub 
cross lashings 


(i) Modelling of the resultant stack system 


(iii) Equivalent stiffness model 


Shear spring stiffness of end walls 


$ 


A 


Transverse spring stiffness of 
lashing rods 


Example of lashings at one end of a four-tier stack 


9.4.8 The transverse displacements of the container 
stack are to be calculated as follows. The displacement of the 
top corner of container / under the actions of the applied 
forces and supporting lashing devices is given by: 


| i 
Bu = 2 (=) mm 
j=1 cy 
Sy is to be calculated for each end wall of the 
container, taking into account lashing devices 
attached to the top corner of container į and the 
bottom corner of container (/ + 1) 
where 
RAyj = transverse racking force in end wall of container j, 
taking into account lashing rods and otherlashing 
devices attached to the top corner of container / 
and above attached to the end wall being 
considered, see also Table 14.9.4 
N R 
= 2 Fe + 2 Thy KN 
j=l r=1 
ky = shear spring stiffness of the end wall being 
considered, see Table 14.9.2 
TLy = force in lashing device r, measured in the 


transverse direction, see 9.5. 
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9.4.9 The longitudinal displacements of the container 
stack are to be calculated as follows. The displacement of the 
top corner of container / under the actions of the applied 
forces and supporting lashing devices is given by: 


i 7 RA; 
fe = (75) mm 
j=1 cx 
Ôi is to be calculated for each side wall of the 
container, taking into account lashing devices 
attached to the top corner of container į and the 
bottom corner of container (i + 1). 
9.4.10 The final distribution of forces in the stack is to be 


obtained by equating the total transverse displacements of 
the container stack 6,; due to the applied loads with the trans- 
verse elongations in the attached lashing devices e, yr. This is 
illustrated in Fig. 14.9.2. Hence, at each lashing device, the 
following equation is to be satisfied: 


dy = EL yy MM 
where 
ELyry = elongation or strain in the transverse direction in 
the lashing device, in mm. 
9.4.11 The equations for deriving the total forces in the 


stack with lashings are given in Table 14.9.4. The final 
distribution of forces in a stack can also be solved using 
matrix methods. 
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Table 14.9.4 Total resulting forces in each end/side wall of a lashed stack 


Force Equations for lashed stack 


(a) Racking force in end/side wall of container / 
Taking into account lashing rods and other lashing devices attached to the top corner of container į and above 


N R 
Transverse RAyi = y Fi + y Thy, KN 
j=i r=1 
To be evaluated for each end wall of the container taking into account lashing devices attached to the wall being 
considered 


N R 
Longitudinal RA = 2 G+ Y Thy KN 
j=i r=1 
To be evaluated for each side wall of the container taking into account lashing devices attached to the wall being 
considered 


(b) Shear force acting at bottom corner device (or similar) of container / 
Taking into account lashing rods and other lashing devices attached to the bottom corner of container / and above 


N R 
Transverse SFy, =0,55 2 (Hj +Q)+0,55 2, TLy, kN 
j=i r=1 
To be evaluated for each end wall of the container, taking into account lashing devices attached to the wall being 
considered 
N R 
Longitudinal SF =0,55 2 (J) +0,55 2, Thy, kN 
j=i r=1 


To be evaluated for each side wall of the container, taking into account lashing devices attached to the wall being 
considered 


Total shear force SF, = N| SFy2 + SF? kN 


To be evaluated for each corner 


(c) Compressive force in each corner post of container i 
Taking into account lashing rods and other lashing devices attached to the top corner of container i and above. The lashing device 
forces appropriate to the wall and corner are to be taken into account 


N 4 N 1 
Port fwd (= LA+ SD Ants 


R R 

1 1 

a Y TLyr hir + b 2 Thy hip KN 
r=1 r=1 


N 4 R 
Port aft ¡= YB hy + > TL; si 


=i j=i j=i r=1 


N R 
Starboard fwd = 5 P- MC X TL si 


=i j=i j=i r=1 


N R , R R 
Starboard aft 3 x Pj j ^ij ¡Aj+ 2 TL, sind, a 2 TLyr hir- 5 Tec KN 


jsi a isi ji r=1 r=1 =1 


(d) Compressive/lifting force at the bottom fitting of each corner post of container i 
Taking into account lashing rods and other lashing devices attached to the bottom corner of container i and above. The lashing device 
forces appropriate to the wall and corner are to be taken into account. The equations for the ‘Compressive force in each corner post’ 
R 
are applied except that the lashing rods attached to the bottom of the container are included. This only affects the x TL, sind, , term 
r=1 


Symbols 


is the height from the bottom of the lower corner device of container ¡to lashing point r, in metres 
is the total number of lashing devices 
is only applied to the exposed container faces 
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9.4.12 Similar calculations are to be applied in the longitu- 
dinal direction if any lashing device will resist longitudinal 
forces. For such lashings, the fixed lashing plates are to be 
suitably arranged to accommodate the additional forces due 
to the fore and aft inclination of the lashing rods. In addition, 
the design of the lashing rod head should be suitable for the 
angle of inclination of the lashing rod. 


9.4.13 The above stiffness model assumes that the secur- 
ing devices between tiers of containers are capable of 
resisting negative (separation) forces. That is, where separa- 
tion forces are found, suitable locking devices are assumed 
to be fitted and transmitting load. When this is not the case, 
special consideration of the vertical displacements of the 
corners and forces in the lashing devices is necessary. 


9.5 Forces in the lashing devices 
9.5.1 The tensile or compressive force in a lashing device 
is given by: 

TL, = Er Ki kN 


The lashing device force in the positive transverse direction 
(i.e., positive to port) is given by: 

Thy = Er Kir COSOLy SIMO, yy KN 
The lashing device force in the positive longitudinal direction 
(i.e., positive forwards) is given by: 

Thy = Er kj, COSO) y SING, yy, KN 


where 
Ki, = Stiffness of lashing rod or device r, in kN/mm, see 
9.4.1. 
9.5.2 The stiffness of a lashing rod may be derived as 
follows: 
E, Ar 
kr = —— kN/mm 


l 


if E, and A, are specified otherwise k,, may be 
directly specified 
E, = effective modulus of elasticity, see Table 14.9.3 
A, = cross-sectional area of lashing device 
For a para-lash arrangement, where two lashing devices are 
modelled as a single device, the effective area is to be taken 
as 1,5 times the area of one device. If each device in a para- 
lash arrangement is modelled, the effective area for each 


r 


device is to be taken as 0,75 times the area of the single 
device. 
eL, = total elongation, in mm, of lashing rod or device r 
er = Alk- Sno)? + (y - Syn)? + (2 + Ban)? -h 
eLr 2 O for a lashing rod device 
er < 0 for a shore device (compression-only device), see 
6.1.7 
ELr can be negative or positive for a buttress lashing 
connection or tension/compression lashing device, 
see 6.1.6 
iy = 1-1 if lashing device is connected to the bottom of 
the container 
iy = Í if lashing device is connected to the top of the 
container 
i, = longitudinal distance of lashing foundation from 


container corner fitting, in mm, positive forward 
transverse distance of lashing foundation from 
container corner fitting, in mm, positive to port 
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L = vertical separation of lashing foundation from 
container corner fitting, in mm, positive downwards 
length of lashing rod or device, in mm 


= A (Ix)? + (192 + (1,)2 
ô = total longitudinal racking deflection of the top 
corner of container /, in mm 
Sy = total transverse racking deflection of the corner of 
container i, in mm 
04 = total vertical displacement of the bottom corner of 
container i, in mm 
0,, = angle of the lashing rod r in the vertical plane 
=| A 
Or = tan degrees 
N L2 +1? 
NOTE 
Olr is 90° when J, and l; are both zero 


Psy = angle of the lashing rod r in the xy plane (projection 
onto the horizontal plane) 


L 


l 
tan (+) degrees 
x 

Use the atan2 function to maintain sign of angle. 

OL xyr IS O° when J, is positive and Jy is zero, 0, xy, is +90° 
when /, is O and 1, is positive, 0, xyr is -90° when J, is O 
and ly is negative. 


9.5.3 Where external support is provided by a buttress or 
shore, the load is to be transmitted between adjacent stacks 
by linkages in line with the support. The force in the transverse 
end wall members of the containers adjacent to the support is 
given by: 


A 


ON ) kN and the force in the linkage to the adjacent 


container is F, Gra kN 


where 
Fy = calculated force in the buttress or shore, in kN 
N = number of rows of containers supported by the 
buttress or shore. 
9.6 Allowable forces on containers 
9.6.1 For ISO containers, the securing arrangements are 


to be designed so that the forces on the containers do not 
exceed the values shown in Table 14.9.5. The maximum 
forces for ISO 1496-1: 1990 including Amendment Nos. 1, 2 
and 3 containers are illustrated in Fig. 14.9.3. Proposals to 
carry out the lashing calculations for containers manufactured 
in accordance with ISO 1496-1:1990/Amendment No. 4, 
2006 will be specially considered. 


9.6.2 The allowable forces for containers of other dimen- 
sions, €.9., 24 ft, 48 ft and 53 ft, will be determined on the 
basis of the values in Table 14.9.5 and of the forces for which 
the container has been certified. 
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Table 14.9.5 Allowable forces on ISO containers 


ISO 1496-1:1990 including up to Amendment No. 3 
20ft 40ft 


Horizontal force from a container fitting acting parallel to the side face 150 150 


Horizontal force from lashing on container fitting acting parallel to the end face, 225 225 
see Note 1 


Vertical force from lashing on container fitting acting parallel to the end or side 250 250 
face, see Note 1 


Racking force on container end 150 150 


Racking force on container side 150 150 


Vertical forces at each top corner, tension 250 250 
Vertical forces at each bottom corner, tension 250 250 
Vertical forces at each top corner post, compression 848 848 


Vertical forces at each bottom corner casting of the lowest container in a stack, 848 + (1,8Rg/4) 848 + (1,8Rg/4) 
compression see Note 3 see Note 3 


Transverse forces acting at the level of and parallel to the top face, tension or 340 340 
compression, see Note 2 


Transverse forces acting at the level of and parallel to the bottom face, tension 500 500 
or compression, see Note 2 


NOTES 

1. In no case is the resultant of the horizontal and the vertical forces to exceed the limiting values derived from Fig. 14.9.3(a).The horizontal 
and vertical forces are the maximum components of a diagonal force and are not to be used as the maximum load if horizontal or vertical 
lashings are employed. 
Where a buttress supports the stack at an intermediate level, the total transverse force in the containers at the level is not to exceed the 
sum of the appropriate top and bottom forces. 
The vertical compression force on the lower corner casting on the closed end of the lowest container may exceed 848 + (1,8Rg/4) kN, 
provided the following conditions are complied with: 
(a) The vertical compression force acting on the lowest container from the container above does not exceed 848 kN. 
(b) The horizontal racking force acting on the lowest container from the container above does not exceed 150 kN. 
(c) The local ship side or hatch cover container foundation is designed and approved for the increased design compression force. 
(d) The loose bottom container securing fittings should have a contact area fulfilling the requirements of 3.2.5. 


9.6.3 Where 45 ft containers in accordance with 
ISO 1496-1:1990/Amendment No. 4, 2006 are stowed on top 
of a 40 ft container, the corner post load of the top castings of 
the 45 ft container is not to exceed a compression force of 
404 KN. Consideration should be given to the strength of the 
container bottom structure to withstand the forces trans- 
mitted. No lashings are to be applied to the ends of the 45 ft 
container if stowed on top of a 40 ft unit. 
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20 ft or 40 ft containers 20 ft or 40 ft containers 


(b) Racking loads 


(a) Corner casting lashing loads 20 ft (40 ft) container, tension or compression 


20 ft or 40 ft 20 ft or 40 ft 


848 KN + 
(1,8 Rg/4) eck 


(c) Vertical corner pull-out and compressive forces (d) Transverse compressive forces 


Fig. 14.9.3 
Allowable forces for 20 ft or 40 ft containers constructed to ISO 1496-1:1990 including Amendment Nos. 1, 2 and 3 


|_| Section 10 10.1.2 The Surveyor is to be satisfied that the materials, 
Surveys workmanship and arrangements are satisfactory and in 
accordance with the requirements and the approved plans. 
Any items found not to be in accordance with the require- 
ments or the approved plans, or any material, workmanship or 
arrangements found to be unsatisfactory are to be rectified. 


10.1 Initial Survey 


10.1.1 The following requirements are mandatory for fixed 
fittings, including cell guides, if fitted, on all ships. For ships 
having a CCSA class notation the requirements are also 
applicable for loose fittings. 
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10.1.3 A Register or plan is to be kept on board and up to 
date, and is to be made available to the Surveyor upon 
request. The Register or plan is to contain sufficient details to 
enable all fittings to be identified, including: 

. a simple sketch; 

the name of the item; 

the number supplied; 

the manufacturer’s mark or code; and 

the safe working load with the corresponding breaking 
load. 


10.1.4 For container securing arrangements, a suitable 
Container Stowage Arrangement Plan is to accompany the 
Register. Where containers of types other than ISO containers 
are proposed to be carried, their stowage locations are to be 
clearly indicated on the plan. 


10.1.5 The Register and stowage plans, if applicable, may 
be included in the Cargo Securing Manual. 
10.2 Periodical Surveys 


10.2.1 For the requirements for Periodical Surveys, see 
Pt 1, Ch 3,2.2 and Pt 1, Ch 3,5.3. 
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